Homologous genes for alcohol dehydrogenase (alcohol:NAD+ oxidoreductase, EC 1.1.1.1) are expressed in qualitatively different patterns during the development of two closely related species of Hawaiian Drosophila. In interspecific hybrids, each parental structural allele is expressed according to the developmental program characteristic of the species from which it is derived. This provides strong evidence for a cis-acting control element.
The genome of higher eukaryotes appears to contain substantial amounts of programmatic information concerned with regulating the time, place, and quantity of production of various gene products. Although relatively little is known about the organization and function of such regulatory information, there is a significant body of evidence that suggests the existence of a class of regulatory elements with the following set of properties. (i) Allelic variants at these loci alter the developmental programs of specific proteins without apparently altering the structure. (ii) The regulatory site is in close proximity to the structural gene it affects. (iii) In heterozygotes, variants are expressed additively and, where tested, each allele acts only on the structural gene in the cis position (i.e., the structural gene on a given DNA strand is expressed according to the developmental program specified by the regulatory allele on the same strand regardless of the regulatory allele present on the homolog).
Evidence for such regulatory sites has been obtained in studies of strain-specific quantitative differences in the spatiotemporal pattern of expression of enzymes and other proteins in maize, mice, and Drosophila. Examples include genes controlling: an esterase (1) and alcohol dehydrogenase (2) in maize; 3-glucuronidase (3, 4) , 3 -galactosidase (5) , aryl-sulfatase (6) , and H2 antigen (7) in mice; and aldehyde oxidase in Drosophila (8, 9) . Somewhat similar results have been obtained with variants that alter the overall level of activity of xanthine dehydrogenase (10, 11) and alcohol dehydrogenase (12) in Drosophila. These variants map close to their respective structural genes, alter number rather than structure of enzyme molecules, and act only on the cis structural gene. Paigen (13) has used the term "temporal gene" (t gene) for such regulatory elements.
He has recently summarized work on several of the systems that illustrate this characteristic set of properties (14, 15 members of the grimshawi subgroup of Hawaiian picturewinged Drosophila. The former is found on all major islands except Hawaii. Stocks derived from individual females collected at Apee (S30G10) and Hanalilolilo (U81Y1), Molokai, and at Auwahi, Maui (Gl), were used in the present study. D. orthofascia is found on Lanai, Maui, and Hawaii. Three stocks from Auwahi, Maui (U58G1, U58G6, and U58B3), and one from Volcano, Hawaii (U55G11), were used. The polytene chromosome sequences of the two species are known in detail and are exceedingly similar (17, 18) . Genomic comparisons show that they differ by only a single fixed inversion located on the X chromosome. Some populations of each species, however, display a single autosomal inversion polymorphism (on the third chromosome within D. orthofascia and on the fourth chromosome within D. grimshawi), but the existence of these inversions is not pertinent to the present study. There are no differences involving visible duplications or deletions. Stocks were maintained by standard methods (19) .
Enzyme Methods. ADH was examined in various dissected larval and adult tissues of both species and in larval tissues of F1 hybrids. Dissections were made in ice-cold Drosophila Ringer's solution and the tissues were transferred to a small volume of distilled water for homogenization. The extracts were electrophoresed in agarose or Noble agar gels by the method of Ursprung and Leone (20) except for the use of a buffer consisting of 54 mM Tris and 82.5 mM boric acid. Where specified, 0.15 mM NAD+ was added to the gel mixture just before pouring. The staining mixture consisted of 100 mM Tris-HCl buffer (pH 7.2), 500.tg of nitro blue tetrazolium per ml, 40 ,ug of phenazine methosulfate per ml, 0.75 mM NAD+, and, by volume, 5% ethanol, 2.5% 1-propanol and 2.5% octanol (octanol dehydrogenase was also being studied in these experiments). Gels were stained at 35°C for 1 hr.
RESULTS
Enzyme Homology. We judge it important to our conclusions that the ADH present in the various tissues and stages studied in each species is coded by the same structural gene and that the genes in the two species are indeed homologous. All of approximately 25 species of picture-winged Drosophila that we have examined have an ADH with properties quite like the well-studied enzyme in D. melanogaster (21 
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of extracts of homozygous individuals in gels without NAD+ produces a pattern of two or three bands that stain well with ethanol as substrate and even better when isopropyl alcohol is added or substituted. These bands stain weakly or not at all with octanol as substrate, although, as in D. melanogaster, a different set of bands stains with this substrate. With NAD+ added to the gel, all ADH activity shifts to a single, more intense band. Whenever ADH is present in more than one tissue, the enzyme in all tissues of a given individual yields bands with the same electrophoretic mobilities (although not always in the same proportions) and is similarly shifted by addition of NAD+. Likewise, the ADH present in larvae of a true-breeding stock is electrophoretically indistinguishable from that in adults of the same stock. Several electrophoretically distinguishable forms of ADH have been found among and within the species studied, and the foregoing statements apply to all of them. The active enzyme contains two subunits coded by the locus controlling the known electrophoretic variants and, in intraspecific heterozygotes, a typical three-banded pattern is obtained with extracts of all ADH-containing tissues when run in NAD+ gels. All of this provides strong evidence that in each species the ADH in all tissues and stages is coded by the same structural gene. That the loci in D. grimshawi and D. orthofascia (as well as other picture-winged Drosophila) are homologous, as one would infer from the chromosomal similarity, is supported also by their similarity with respect to the above properties. This conclusion is even more rigorously supported by the fact, to be presented below, that in hybrid tissues where both parental forms of the enzyme are present, the hybrid dimer is formed in the proportion expected for random association of subunits.
Species-Specific Regulatory Patterns. Fig. 1 Expression in Hybrids. The pattern of expression found in hybrids is potentially enormously informative, particularly when electrophoretic differences allow one to distinguish the enzyme coded by one parental structural gene from that coded by the other. Reference to Fig. 1 will confirm that this condition is met in this case. One can imagine three extreme possibilities in a situation in which one parent normally expresses a gene in a particular tissue and the other does not: (i) both are expressed in the F1 tissue; (ii) neither is expressed; (iii) the allele from the first parent is expressed and that from the second is not. Each of these results would suggest a different basis for the regulatory difference. The two species employed here are capable of hybridization (22) , although with difficulty. We carried out mass matings between virgin females of the Apee and Auwahi stocks of D. grimshawi in the four possible combinations with males from two Auwahi stocks of D. orthofascia. The reciprocal cross was precluded by assymetrical ethological isolation (D. grimshawi females are less discriminating) and by the fact that our D. orthofascia stocks do not breed well in the laboratory due to reluctance of the females to oviposit. Of the attempted crosses, only those with the Auwahi D. grimshawi females yielded viable larvae. In the other cases, about 25% of the females were inseminated (sperm present in the reproductive tract) and numerous eggs were laid, but none hatched. Larvae from both of the successful crosses were analyzed and gave similar results. None of the larvae developed beyond the second instar. Impending death was signalled by general inactivity and melanization of various tissues. All experiments were done on actively moving and feeding second-instar larvae with no sign of melanization.
The pattern of ADH expression found in such hybrid larvae is shown in Fig. 2 (23) .
The location of the genetic element responsible for the differences studied here cannot be determined in the absence of backcross or Fin progeny. The cis-acting nature of the element certainly suggests close linkage to the structural gene, but in at least one system (7) (26, 27) . We We can conclude by noting that this system appears to be an unusually promising one for characterization of the molecular basis of a regulatory difference. To the level of sensitivity of our methods, this seems to be a truly qualitative difference and hence should be (easier to study biochemlically than the more subtle quantitative differemoces characteristic of the intraspecific t-gene alleles described thus far (1 4, 15) . The tissues involved, particularly fat body and carcass, should be easy to isolate in good quantity (28, 29) . ADH in V. nielanogaster has been extensively investigatedl (21, 30) , and the similarities already observed suggest that biochemical techniques and tools developed in that work may be fairly directly applicable to the enzyme in the picture-winged Drosophila. The advent of cloning techniques and physical and chemical methods for analyzing the fine structure of genes provide an avenue to circumvent the limitations of these flies for use in detailed genetic analysis. Finally, several independent origins of the same regulators p)atterl nmax' p)rovide a comparative basis for recognizing the relevant changes in gene structure.
